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Abstract—Modern aeronautical telecommunication networks
(ATN) make use of different simultaneous datalinks to
deliver robust, secure and efficient ATN services. This paper
proposes a Multiple Attribute Decision Making based optimal
datalink selection algorithm which considers different attributes
including safety, QoS, costs and user/operator preferences.
An intelligent TRigger-based aUtomatic Subjective weighTing
(i-TRUST) method is also proposed for computing subjective
weights necessary to provide user flexibility. Simulation results
demonstrate that the proposed algorithm significantly improves
the performance of the ATN system.
Index Terms—Aeronautical communications, datalink
selection, intelligent algorithm, Multiple Attribute Decision
Making.
I. INTRODUCTION
THE capacity demand in aeronautical telecommunicationnetworks (ATN) for air traffic control (ATC) and air
traffic management (ATM) systems has grown dramatically
over the past years. The rise in the capacity demand is
reflected by the growing number of aircraft and passengers,
which is expected to double by 2035 [1], as well
as the introduction of new high data rate aeronautical
communications services, in particular Internet applications.
As a result, the need to improve the capacity, safety and
efficiency of the global airspace has prompted several global
initiatives to modernize ATM systems, most notably the
EU Single European Sky ATM Research (SESAR) and the
US Next-Generation Air Transportation System (NextGen)
programmes, with a major focus on Air Traffic Services
(ATS) and Aeronautical Operational Control (AOC) operating
concepts and requirements [2].
The ATM modernization requires a paradigm shift from
the current analogue voice to digital data communications
to handle the increasing amount of and more complex
information exchange between controllers and pilots for
future ATM operational procedures [3]. ATM applications
include both safety-critical, such as AOC and ATS, and
non-safety critical services, such as Airline Administration
Control (AAC) and Aeronautical Passenger Communications
(APC) services. The AOC and APC services are expected
to be the major motivation for broadband communications
due to the higher transmission rate requirement [4]. In
addition, future integration of unmanned air vehicles (UAVs)
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is expected to add further complexity to the already
congested civil air space. Eurocontrol and the American
Federal Aviation Administration (FAA) have identified two
primary drivers for anticipating the increasing demand of
the future aeronautical broadband services: i) an appropriate
communication infrastructure to support emerging and future
radio technologies, and to cater for future air traffic growth,
and ii) a consistent global solution to support a seamless
ATM system [3]. Therefore, an integrated ATN solution is
becoming imperative for aircraft operators to improve the
capacity, efficiency and cost-effectiveness of the ATM system
while ensuring a high degree of its flexibility, scalability,
modularity and reconfigurability.
The EU project NEWSKY (Networking the Sky) [2]
specified a single system based on IP technology with the
capability of transmitting data through multiple datalinks,
directly to the ground via satellites. Another EU project
SANDRA (Seamless Aeronautical Networking through
Integration of Data Links, Radios and Antennas) [5],
[6] defined an Integrated Modular Radio (IMR) building
on sophisticated software-defined radio (SDR) technology.
The SANDRA project integrated multiple datalinks directly
to the ground networks such as including VHF Digital
Link mode 2 (VDL 2) and Aeronautical Mobile Airport
Communications System (AeroMACS) and/or via satellites
to provide aeronautical communication services. The IMR
concept of SANDRA project was further validated in the UK
project SINCBAC (Secure Integrated Network Communic-
ations for Broadband and ATM Connectivity) to provide
secure voice and data connectivity for both ATM and
passenger services through a heterogeneous set of radio
access technologies (VDL 2, Iridium and Inmarsat BGAN)
to connect with the ground ATN infrastructure. Each
datalink has its own transmission characteristics providing
communication services and is configured to deliver either
safety critical or non-safety critical communication services
or a combination of both. However, in a heterogeneous radio
environment in an aircraft, different applications have different
QoS requirements, security requirements and user/operator
preferences. The on-board terminal when forwarding the data
is required to select the right datalink due to the safety and
high demand of the expensive datalinks. Therefore, it is an
imperative decision to select the best datalink to transfer data
when multiple datalinks are available in order to provide an
efficient, reliable, secure and cost-effective communication
solution, and none of the previous projects have considered
an optimized datalink selection process.
Authors in [7] have discussed the importance of the
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Fig.1. AnintegratedmodularcommunicationATMarchitecture.
optimiseddatalinkselectioninthiscontext,buttheyneither
analyzednorsuggestedresultsforit.Curently,linkselection
inheterogeneous mobilecommunicationsenvironmentis
usualymadebasedonthereferencesignalstrength[2].The
chalengingtaskistoconsidermultiplecriteriaintermsof
thedatalinkcharacteristics,typeofservicesorapplications
togetherwithuserandaircraftoperatorpreferences[8].Since
itisnecessarytoconsider manyatributessimultaneously,
a multipleatributedecision making(MADM)approach
[9]–[11]isrequired. MADMbasedtechniquesaregaining
popularityduetoitsrelativelyhighprecisionandcapability
ofadoptinguserandoperatorpreferences[10],[12]. When
multipleatributesareconsidered,decision makers must
computethe weightofeachatributerepresentingtheir
relativeimportanceinordertorankavailablealternatives.
Therearetwobroadcategoriesofdetermining weights:
objectiveandsubjective methods[9]. Whilethelateris
relatedtouserexperience,theobjectivemethoddoesnottake
anyuserpreferenceintoaccount.Twoobjectiveweighting
methodssuchasentropyandvariance[8],[10]andthree
wel-knownsubjectiveweightingmethodssuchaseigenvector
[10], weightedleastsquare[8],[12]and Trigger-based
aUtomaticSubjectiveweighting(TRUST)[8],[11]methods
arecommonlyused. Theﬁrsttwosubjective weighting
methodsdonotworkwelforthedatalinkselectionproblem
sincetheirpair-wisecomparisonprocessisslowandnot
automatic[8],[9],[11].TheTRUSTmethod[11]hasthe
abilitytoautomaticalycomputethesubjectiveweightsand
itiscomparativelyfastandefﬁcient.
Despitetheautomaticsubjectiveweightcomputationbythe
TRUSTmethod,itcompletelyignorescertainatributesthat
arenotimportanttotheusers,buttheymaybeimportant
fromotherperspectivessuchastheoperator,forexample,to
improvethesystemefﬁciency.Consequently,thelinkselection
decisionmaynotbeoptimal.AnotherlimitationoftheTRUST
methodisthatthereisnoprovisionforuserstoprioritize
oneeventoverothersasintheeigenvectormethod,which
leadstotheinaccuracyofobtainingthesubjectiveweights.
ToaleviatethelimitationsoftheTRUST methodandto
addressthenecessityoftheautomaticweightcomputation,
aninteligentTRUST(i-TRUST)methodisproposedinthis
paper.Theproposedi-TRUSTalgorithmisinteligentenough
toprioritizeuserrequirementsaccordingtorelativeimportance
andbyintroducingaparameter,( )addedtoeachatribute
toreﬂecttheuserpreferenceinapreciseway.Itisworth
notingthatthecontributioninthispaperistwo-fold:ﬁrstly,
thederivationandintegrationofbothobjectiveandsubjective
weightswhileformulatingthedatalinkselectionproblemin
thefutureaeronauticaltelecommunicationnetworksasan
MADMbasedproblemformakingoptimaldatalinkselection
decisions;andsecondly,aninteligentalgorithmisproposed
toautomaticalycomputethesubjectiveweightsthatreﬂects
theimportanceofuserpreferencesinordertoimprovethe
overalsystemperformance.
Thepaperisorganizedasfolows:SectionIpresentsan
overviewoftheATMarchitecture.SectionIIexplainsthe
datalinkselectiontechniqueswhiletheMADM-baseddatalink
selectionprocedurewiththeproposedi-TRUSTmethodis
describedinSectionIV.SectionVdescribesthecomparative
analysisandperformanceoftheproposedoptimizedalgorithm
folowedbyconclusioninSectionVI.
II.ATMARCHITECTURE
ThedesignofATMarchitectureadoptsanopenstandard
approachutilizingIP, ETSIandIEEEstandardsforan
integratedcommunicationsprotocolarchitecture.
A.ArchitectureOverview
The ATMsystemarchitectureisresponsibleforthe
controlandmanagementofcommunicationsandinformation
exchangesrequiredfortheoperationprimarilyconsists
ofthreedistinctactivities[13]: ATC, Air Trafﬁc ﬂow
Management(ATFM)andAeronauticalInformationServices
(AIS).Inordertoperformtheseactivities,thereisa
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requirementtohaveareliableandefﬁcientcommunication
environment.Therearethreemainelementsofcommunication
environmentforactivities:thegroundATNnetwork,radiolink
technologiesandaterminalnode(TN)on-boardaircraft.In
thispaper,theconceptoftheATMarchitecturedistinguishes
thesethreeelementsasground,transport,andaircraft
segments,respectively,asshowninFig.1.
The TNon-boardtheaircraftisreferedtoasthe
integratedmodularcommunication(IMC)terminalconsisting
ofaroutingsubsystem(RoS)andaradiosubsystem(RaS)
equippedwith multipledatalinks.TheRoSrepresentsthe
networklayeroftheprotocolstackanditconsistsofa
securerouter.Inthisarchitecturaldesign,thesegregation
betweendiferenttrafﬁcdomainshastobetakenintoaccount
duetothehighsecurityrequirementsandthesecurerouter
intheRoSisresponsibleforthesecuresegregationand
securityawarerouting.Diferenttypesofgroundapplications
tothecorespondingairapplicationsoverdiferentair-ground
sub-networkscanbeprovided.TableIprovidesthetrafﬁc
domainmappingofcommunicationservicesandapplications.
Ontheotherhand,theRaS,whichrepresentsthedatalink
andthephysicallayersoftheprotocolstack,supportsradio
resourcealocation,radiolinkestablishment,QoSmapping
andprotocoladaptation. The TNhasthepossibilityto
chooseadatalinkamongavailabledatalinkssubjecttospeciﬁc
requirements.Asthecommunicationsinvolvebothoperational
(ATC,AOC,AAC)andnon-operational(APC)servicesand
theysharenetworkresources,theoptimaldatalinkselectionfor
aspeciﬁcservicecanbechalengingduetomanychalenges
includingsafetyandsecurityconcerns.
B.DatalinkParametersandPreferences
TheTNon-boardtheaircraftcolectsinformationabout
availabledatalinksandmaintainsadatabaseofinformation
thatisnecessaryfordecision-makinginregardstothe
selectionoftheoptimaldatalinkselection.Boththeuserand
operatorpreferencesaswelasthedatalinkconditionsare
consideredinmakingtheoptimaldecision.Thefolowingare
identiﬁedasthemostimportantdecisionparametersinthe
datalinkselectioncontext:
Linkquality:Thelinkqualityis measuredinterms
ofreceivedsignalstrength(RSS),whichevaluatesthe
availabilityofdatalinks[14].
QoSrequirements: In ATM,thesatisfactionofthe
requiredQoSintermsofbandwidth,delaysandpacket
lossrateisanimportantmeasureforsafetyandsecurity.
Linkcosts: Diferentdatalinks mayhavediferent
chargingpolicies.Therefore,itisimportanttoconsider
thedatausagecostinthedatalinkselectiondecision.This
isespecialythecaseforaeronauticalpassengerservices.
Resource utilization: Sincethe number of users
supported by each datalink for aeronautical
communicationsisrestricted,another key decision
makingparameterisresourceutilizationtoensurethat
thelinkselectionalgorithmnotonlyimprovesthedata
rateandcost,butalsotheresourceutilization.
Security: Safety-related communicationsrequire a
securityconcepthandlingthreatsandatackstothe
system[15],[16].TheIMCsecurityconceptsupports
thesegregationoftrafﬁcintodiferentsecuritydomains
intheaircraftsegment,whichcandictatethedatalink
selectiondecisiontoagivenservice.
Additionaly,itisalsoimportanttoprovideﬂexibilityto
bothusersandaircraftoperatorsin makingthedatalink
selectionprocess.Therationaleforprovidingtheﬂexibilityis
toalow,forexample,theoperatortopreferdiferentsetings
dependingupontheirﬂighttypessuchaseconomicand/or
businessclassﬂights,thustheuserandoperatorpreferences
arealsorequiredtoconsiderinthedatalinkselectionprocess.
Inthefolowingsections,thenecessaryproceduresforthe
optimaldatalinkselectionprocesswilbedescribed.
III.DATALINKSELECTIONTECHNIQUES
Futureaeronauticalcommunicationsystemsareexpectedto
supportmultipledatalinksforair-groundcommunications.In
ordertoimprovetheoveralnetworkperformance,adatalink
selectiontechniqueisrequiredtoselectthebestlinkto
beusedforanyconnectionrequest.Theselectionofthe
mostsuitablelinkissubjectedtodiferentﬂightphasesand
otherATMoperationalrequirementssuchassecurityand
safetyrequirements.Therefore,itisimportantforthesystem
tofulﬁlthoserequirementswhenconsideringthepossible
optimizationaspects.Assuch,abaselineandanoptimized
datalinkselectiontechniquesareconsideredinthissectionfor
comparison.
Inbothcases,apre-linkselectionprocessilustratedinFig.
2takesplacetoidentifycandidatedatalinksoutoftheavailable
datalinksthat wouldsatisfyasetofpre-deﬁnedcriteria
includingthecurentﬂightphase,thelinkcharacteristics
andtheQoSrequirementsbeforetheﬁnalselectionofa
targetdatalink.Thecurentﬂightphaseinformationisused
toconstraintheeligiblelinkalternatives whilethe QoS
requirementsgivetherequest’s QoSspeciﬁcationasthe
oferedQoSshouldmatchtherequestQoSrequirements.The
securityrequirementslimittherequestthatcanbeusedfora
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Fig.2.Pre-linkselectionﬂowchart.
particulartrafﬁcdomain.Wheneveranatributeofalinkfails
tomeetthoserequirements,itisremovedfromthecandidate
linklist.Therationaleofthepre-linkselectionprocessisthat
datalinksthatdonotfulﬁltherequirementscannotbeselected
inordertoreducethecomplexity.
A.BaselineDatalinkSelection
Thebaselinedatalinkselectionalgorithmisastaticprocess
thatselectsthetargetdatalinkoutofthecandidatedatalinks
byorderingthembasedonapredeﬁneddatalinkpriority
list,L= {l1,l2,..,ln}.Inthispaper,fourtypesofradio
linksareconsidered:InmarsatBGAN(BroadbandGlobalArea
Network)Class4andClass6,VDL2andIridium.Thetwo
BGANClassescanbeusedforbothcockpitandpassenger
voiceanddatacommunications,butClass6ofershigher
datarate(432kbps)thanthatofClass4(200kbps).VDL2
isdedicatedforvoiceandshortmessagesbetweenthepilot
andthecontrolerontheground,whileIridiumcanbeusedfor
bothcockpitandpassengervoicecommunicationstransport.
Ithastobenotedthatsecuritymeasurestosegregatecockpit
andpassengers’communicationsareoutsidethescopeofthis
paper,butreaderscanreferto[17]formoreinformationon
risksanalysisinrelationtothistopic.Inthebaselinealgorithm,
ifacockpitvoiceapplication,forexample,isrequested,
alistofcandidatedatalinks whichsatisfythe minimum
TABLEI
ATTRIBUTEVALUESFORAVAILABLEDATALINKS.
❳❳❳❳❳❳❳Atributes
Datalinks VDL2 Iridium BGAN
BR(kbps) 31.5 2.4 Class4:Upto200Class6:Upto432
PD(ms) 2000 748 950(800to1100)
BER 10 5 10 6 10 5
RMF - - -
RSS - - -
CST($/MB1) 1 7 3
requirementsoftherequestedapplicationsareselectedfrom
thepre-selectionprocess.Thebaselinealgorithmwilthen
orderthecandidatelistaccordingtoapre-deﬁnedpriority
factor.Ifthelinkusagecostisusedastheprioritycriteria,
thenanorderlistcanbeformedasfolows:
1)VDL2
2)BGANClass4(BGAN1)
3)BGANClass6(BGAN2)
4)Iridium
ItimpliesthatVDL2isthetopchoicefortherequested
applicationsandIridiumhasthelowestpriorityasthe
linkusagecostisthepriorityparameterinthiscase.The
relativeusagecostofeachdatalinkisshowninTableI,
whichhasbeendrawnfromavailablepackagesoferedby
thecorespondingoperator.However,theprioritycanvary
dependingonthepreference.Ingeneral,thestepsinvolved
inthebaselinealgorithmaresummarizedasfolows:
Step1:Ifthereisonlyonedatalinkonthecandidatelink
listafterthepre-linkscreening,itwilbechosenasthetarget
linktoestablishconnection.
Step2:Iftherearemorethanonecandidatedatalinks,the
candidatedatalinklistissortedtoformadesignatedpriority
linklist,L.Thealgorithmﬁrstchoosesthedatalinkwiththe
highestpriorityfromthesortedcandidatelistasthetarget
link.Aconnectionestablishmentrequestiscreatedbasedon
theQoSparametermappingforthetargetdatalink.Inthecase
offailurefortheconnectionestablishment,thesecondhighest
prioritycandidatelinkischosenasthetargetlinktoestablish
connection.Thisprocessisrepeateduntilaconnectionis
establishedsuccessfulyorallinksinthecandidatepriority
listhavebeentried.
Step3:Ifthereisnocandidatedatalinkinthelist,no
connectionwilbeestablishedandtherequestwilbedropped.
Thecorespondingbaselinedatalinkselectionﬂowchartis
ilustratedinFig.3,wherethecandidatedatalinksarefound
fromthepre-linkselectionprocess.
B.OptimisedDatalinkSelection
Thebaselinelinkselectionalgorithmmainlyreliesonthe
pre-deﬁnedlinkprioritylistbasedonasinglespeciﬁcatribute
andtheweaknessofthebaselineapproachisthatmultiple
atributescannotbeusedforthelinkselectionprocess.
Thus,thebaselinealgorithmisnotanoptimallinkselection
1Thesearerelativevaluescalculatedbasedavailablepackagesforeachlink.
Candidate data links
Sort candidate links according to the priority list
Select link with highest priority 
Number of candidate data links?
= 1
Select the data link 
= 0
Request dropped
MADM selection process
Baseline Optimal
5
Fig.3. Baselineandoptimallinkselectionalgorithms.
algorithmasitonlyreliesonstaticalyconﬁguredpreferences
butnotonawidersetofatributes,whichareimportantto
considerinmakingtheselectiondecision.
Inthenextsection,anoptimaldatalinkselectionalgorithm
applyingthe MADM methodintegrated withaproposed
i-TRUSTalgorithmforsubjectiveweightevaluationtoselect
themostoptimumlinksubjecttomultipleatributesisderived.
Thisreferstomakingpreferencesdecisionoverthecandidate
datalinksthatarecharacterizedbymultipleatributeswitheach
datalinkhavingdiferentcharacteristicsandatributevalues.
Theimportanceofoneatributeoveranotherisconsideredby
choosingtheirweightvalues.Thedatalinkselectionalgorithm
ispresentedinFig.3whileFig.4ilustratesthe MADM
process,whichincludestwomainsteps:
Initial step:Thisisaninformation gatheringstep,
wherealrequirementsandinformationaboutatributesof
everycandidatelinkarecolectedincludinguser/operator
preferencesandapplicationrequirements.
MADMstep:Thisprovidesalthenecessarystepsfor
the MADM-baseddatalinkselectiondecisionincludingthe
adjustmentofatributevaluesthroughnormalizationmethod,
computingbothobjectiveandsubjectiveweights.Theﬁnal
weightforeachatributeisobtainedbycombiningboththe
objectiveandsubjectiveweights.Inordertomakethelink
selectiondecision,normalizedvaluesofmultipleatributesfor
eachcandidatelinkarecombinedtoobtaintheutilityscorefor
eachdatalink.Finaly,anoptimaldatalinkisdeterminedbased
ontherankoftheutilityscoresfromalcandidatedatalinks.
ThedetailanalysisoftheMADMtheoryunderpinningthose
stepsisexplainedinthefolowingsection.
IV. MADMFOROPTIMALDATALINKSELECTION
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Upward atributes Downward atributes
Atributes Requirements
Ope
rat
or 
pre
fer
enc
es
Use
r 
pre
fer
enc
es
App
lic
ati
on 
Qo
S le
vel
s
Objective weighting Subjective weighting
Combined weightsAdjustment
Combined multiple atributes
Utility score for each link
Optimal link (highest score)
Adoptedatributesarethekeytothe MADM-based
problemandtheatributesshouldbethe mostimportant
Fig.4. MADM-baseddatalinkselectionprocess.
onesdeemedrelevanttothe ﬁnaldecision. Alotof
studieshavebeendoneinnetworkselectionissuesusing
utilityfunctionsinterestrialheterogeneousnetworkscontext
[9]–[12],[14]andthey maynotbedirectlyapplicableto
theaeronauticalcommunicationscontext.Thisisdueto
theverydiferentcriteriainlinkselectioninaeronautical
communications,whichmustconsiderthetypeofaeronautical
communicationsservicesfortheQoSpurpose,thepolicyand
rulesthat mayoveruletheuseofaspeciﬁcdatalinkfor
safety-criticalservicesforsafetyandsecuritypurposes,aswel
astheairlinecontractwiththeaeronauticalcommunication
serviceproviders.Inaddition,avarietyofdiferentlink
technologies maybeavailableforaircraftcommunications
simultaneouslyandaeronauticalcommunicationnetworksmay
consideratributesthatarediferentfromthoseconsidered
byterestrialnetworks[9]–[12],[14]. Mostimportantly,the
chosenatributesshouldbemeasurableinameaningfuland
practicalwayforeachoftheproposeddatalinks.However,
thenumberofadoptedatributes, mustberestrictedfor
theMADMmethodtoreachatrade-ofbetweencomputation
complexity,requirementsandsafetyservices[9]. When
consideringtheatributesforaeronauticalcommunications,
oneshouldﬁrstthinkofguaranteeingtherequired QoS,
safetyandresourceutilisation,whichhavebeendiscussedin
SectionI.B.Sincetheaeronauticalcommunicationsinvolve
bothterestrialandexpensivesatelitelinks,itistherefore
importanttoconsidersuchatributesthathavetheabilityto
reﬂectthelinkusagecost,linkquality,resourceutilization,
delaysaswelastoprovideﬂexibilitytoalowbothoperators
anduserstosetpreferences. Moreover,theperformanceof
eachdatalinkisafectedbythereceivedsignalstrength,which
isneededtoconsiderinthedecisionmaking.
Todetermineanoptimallinkamongadiversesetoflinks,
agivensetofatributesareconsidered,whichhavebeen
carefulyidentiﬁedforthescenariounderconsiderationinthis
paper,namely:bitrate(BR),packetdelay(PD),biterrorrate
(BER),relativelinkcosts(CST),resourcematchingfactor
6(RMF)andRSS.Itisassumedthataplayoutdelaybufer
isusedtode-jiterthepacketvoicestreamand,hence,jiter
isnotconsidered.Securityrelatedatributesuchassafety
ornon-safetyserviceshasalreadybeentakencareofinthe
pre-linkselection.Theatributesareclassiﬁedintoupwardand
downward.Theatributeswhichhavethehigherpreference
relationinfavourofthehighervaluesarecaledupward
atributes,i.e.,thehighertheatributevaluethebeter.Onthe
otherhand,downwardatributesareinfavourofthelower
values,i.e.,thelowerthevaluethebeteritis[10].For
example,BRandRSSareupwardatributeswhilePD,BER,
CSTandRMFaredownwardatributes.Frombothoperator’s
anduser’spointofviews,highervaluesofupwardatributes
andlowervaluesofdownwardatributesareprefered.Inthis
regard,anadjustmentofthedownwardatributesintoupward
atributesisrequiredduringnormalizationprocessasexplained
inthefolowingsub-section.Thedeﬁnitionandimportanceof
eachatributearedescribedbelow:
Maximumbitrate(BR): Thisupwardatributemeasures
themaximumtransferofbitsdeliveredperunitoftimeanditis
theupperlimitanapplicationbeingprovidedfromadatalink.
Packetdelay(PD):Thisdownwardatributeindicatesthe
maximumdelayfordeliveringpacketswithinthedatalink,
whichismeasuredinmiliseconds.
Biterrorrate(BER):Thisdownwardatributeistheratio
ofthenumberoferorbitstothetotalnumberoftransmited
bits.Itisanimportantparameterinmeasuringtheperformance
ofdatalinksandisusedtoconﬁgureradiointerfaceprotocols,
algorithmsanderordetectioncoding.
Resource matchingfactor(RMF):Itisdeﬁnedasthe
diferencebetweentheaverageoftheoferedbitrateper
userandtherequiredbitrate.Thisindicateshowcloselyﬁts
therequiredbitrateintothelink,i.e.,thelowertheRMF
valuethebetermatch.Itwilprovideanimprovedresource
utilizationofthesystem.Therefore,thisatributeisconsidered
asadownwardatributeandcanbedeﬁnedas:
(1)
where, =averageoferedbitrateper
userineachdatalink,
=maximumbitrateineachdatalink,
=occupiedbitrateineachdatalink,
=maximumnumberofsupportedusersbyeachdatalink,
=curentnumberofuseroccupiedbyeachdatalink.
and, =requiredbitrateofarequest.
Receivedsignalstrength(RSS):Thisupwardatribute
indicatesthelinkqualityandisameasureofpowerina
receivedsignalin .
Linkcost(CST):Thisdownwardatributeindicatesthe
averagecostofusingadatalink,anditcanplayanimportant
roleinthelinkselectionprocess.Theaveragecostvaluefor
eachdatalinkisderivedbasedontheavailableusagepackage
costsoferedinthemarket.
TableIrepresentsthe measuresofeveryatributesfor
theconsidereddatalinksandthevaluesarechosenbasedon
thespeciﬁcations[15].SincetheRMFandRSSatributes
aredynamicatributesandtheirvalueschangeovertime
dependingupon(1)andthechannelconditionoftherespective
datalink,respectively,theircorespondingvaluesintheTable
Iareleftblank.
B.Normalization
Diferentatributeshavediferent measurementunits,so
normalizationisanecessarystepintheMADM-basedmethod
toavoidanomalyinthedecision makingprocess. The
normalizationmethodisusedtoscalediferentcharacteristics
ofdiferentunitstoacomparablenumericalrepresentation.
Foragivenatribute, representsthevalueofthisatribute
inthethdatalink,and representsitsnormalized
value,where isthenormalizedfunction.Thereareseveral
normalizationmethodssuchasMax-Min,Sum,Square-Root
andEnhancedMax-Min[10].However,theﬁrstthreemethods
donotconsiderthediferencebetweenupwardanddownward
atributes whiletheenhanced Max-Minadjustsdownward
atributesintoupwardatributes.Therefore,theoutputof
theenhancedMax-Minmethodarealconsideredasupward
atributesandtheenhanced Max-Minmethodisadoptedin
thispaperasfolows:
forupwardatributes
fordownwardatributes
(2)
C. ModelingtheWeights
The weightingofanatributerepresentsitsrelative
importanceinregardstootheratributesanditdetermineshow
diferentcandidatelinksareranked.Asindicatedinprevious
sections,therearetwobroadcategoriesofdetermining
weights:objectiveandsubjective methods.Thesubjective
weighting methodisrelatedtouserexperiencetoobtain
subjectiveweights,whiletheobjectivemethodforobtaining
objectiveweightsdonotconsideruserpreference.
Theobjective weightsarecalculateddirectlybasedon
therelativediferencebetweenatributes,givenby for
atribute .Therearetwocommon methodsforobjective
weightingsuchasentropy-basedandvariance-based[10].The
entropy-basedmethodisnotsuitablefordatalinkselection
problembecauseitgiveshigherweightstotheatributesthat
havesimilarvaluesamongallinksandlowerweightstothose
atributeswithvaluesvaryingacrossdiferentlinks[9].The
optimaldatalinkselectionneedstogivehighweightstothe
atributesthatcandistinguishonelinkfromothers.Therefore,
thevariance-basedmethodisadopted,whereifoneatribute
hasexactlythesamevalueineverylink,itsweightissetto
.Thevariance-basedobjectiveweightingisgivenby[10]:
(3)
where:
(4)
isthenumberofatributes,
and isthetotalnumberofdatalinks.
7Onthecontrary,subjectiveweightsareusualycalculated
basedonthesubjectivefeelingsofthedecisionmakertaking
intoaccountsomesubjectiveinformationsuchascustomer
preferences,operatorpoliciesandsoonasdirectinputs[11].
Assumingthesubjectiveweightvector, canbeobtained
basedonthatinformationusingasubjective weighting
method,andthevector, canberepresentedas:
(5)
Thesubjectiveweight ,where can
beobtainedbyusingthewidelyusedpair-wisecomparison
matrixBcontainingalthecomparisonvalues betweenthe
thandthethatributes.Sinceitspair-wisecomparisonisa
slowprocessandnotautomatic,theTRUSTmethod[11]is
proposedtocalculatethesubjectiveweights.Themotivating
partoftheTRUSTmethodisitsautomaticcomputationof
subjectiveweightsinacomparativelyfastandefﬁcientway.
However,ithassomelimitationsexplainedinSectionI.To
compensatethelimitationoftheTRUST method,anew
i-TRUSTmethodisproposed,whichtakesadvantageofthe
automaticsubjectiveweightingfromTRUSTandcapturesthe
subjectivepreferencesbyusers/operators.Inthei-TRUST,
theparticularrequirementsfromauserwiththeirrelative
importancearegivenbythefolowingvector:
(6)
where isthenumberofrequirements.Thevalues is
intherangebetween and ,where
.If ,thecoresponding th
requirementisdemandedwithitsimportancelevelbetween
and , whileif ,thereisnodemandforthe
corespondingrequirement. Moreover, indicatesthe
highestimportantwhereas indicatestheleastimportant
requirement whileintermediatevaluesindicate mid-level
importancebetweenthehighestandthelowest.Abinary
vector isnowdeﬁnedfrom where
fornon-zeroelementsin .Adiagonalmatrix
isthengeneratedfrom as:
... ... ... (7)
where and .Arequirement-to-atribute
corespondencematrix, isdeﬁnedbasedonthepre-deﬁned
relationshipbetweenrequirementsandatributesdeﬁnedin
TableII(inSectionV)as:
... ... ... (8)
where indicatestheefectofthethrequirementontheth
atribute,i.e.,either ,or .Beforeconsidering
thesubjectivepreference,abaseorlocalweightvector
isusedas:
(9)
where isthebaseweightofthethrequirementandthese
aremanualysetinadvancebytheoperatororthealgorithm
designerwithpossiblyusingeigenvectormethodplusanalytic
hierarchyprocess(AHP).TableIIrepresentstherelationship
betweentriggereventswithsuchbasesubjectiveweightvector
andthisisstoredintheaircraftterminal(i.e.,TN).Inorder
toreﬂecttherelativeimportanceoftherequirementsbythe
user,anewbasesubjectiveweightingvector isobtained
byusing(6),(7),(8)and(9)as:
(10)
where isthe element-wise multiplicative operator.
Moreover,inordertoavoidtheundesirablesituationof
underminingcertainatributesintheTRUSTmethod,ascalar
value isaddedto turningal zeroelementsinto
non-zerosdenotedby .Theﬁnalsubjectiveweighting
vectorcanbeobtainedas:
(11)
where isthenormalizationfunctionandtheweightof
thethatributeisobtainedas:
(12)
Theobjectiveandsubjectiveweightsarethencombinedinto
asingleweight, ofthe thatributeusing(4)and(12)as:
(13)
Thesecombinedweightsarethenusedtorankthecandidate
linkstoobtainthetargetdatalinkasdescribedbelow.
D.Ranking-ObtainingtheOptimalDatalink
MADMalgorithmscanbeoftwocategories:compensatory
andnon-compensatoryalgorithms.Compensatoryalgorithm
combines multipleatributestoﬁndthebestalternative
whereas the non-compensatory algorithm is used to
ﬁndacceptablealternatives, whichsatisfythe minimum
requirements, but may not bethe optimal one[18].
Compensatory MADMalgorithmsare more widelyused
andtheseincludealgorithmslikesimpleadditiveweighting
(SAW), multiplicativeexponentialweighting(MEW),gray
rationalanalysis(GRA)andTechniqueforOrderPreference
bySimilaritytoanIdealSolution(TOPSIS)[18].Amongst
themtheSAWmethodiscommonlyusedforthenetwork
selectionproblemduetoitssimplicity[19]andhenceis
adoptedinthispaper.Theutilityscoreofthethdatalinkby
employingtheSAWmethodisgivenby:
(14)
where isthe weightvectorof
atributes, ,and .
Clearly,animportantstepoftheSAWoperatoristocompute
theweightsofalthegivenatributevalues,whichcanbe
8obtainedby(13),andthenaggregatetheseweighedatributes
byaddition.Finaly,thebestlinkconﬁgurationisobtainedby
rankingthemandselectingtheonethathasthehighestutility
score, andthisisgeneralyobtainedby:
(15)
where istheselectedandthebestdatalinkforagiven
requestatanyinstant.
V.PERFORMANCEEVALUATIONANDDISCUSSION
A.SimulationScenariosandParameters
Toevaluatetheperformanceoftheproposedoptimal
datalinkselectionalgorithmforaeronauticalcommunications,
ascenarioisdeﬁnedwhereanaircraftisequippedwiththe
IMCterminalwithmultipledatalinksandusers,whomake
requests,arealowedtoprovidepreferences.TheBR,PD,
BER,andRSSatributesareafectedbytheuserchoiceofthe
qualitypreferencewhiletheusercostpreferenceafectsthe
CSTatributeaccordingtoTableII.Bothreal-time(RT)and
non-RT(NRT)applicationsaswelassafetyandnon-safety
servicesareconsidered.Thesafetyandnon-safetyservices
arecategorizeddependinguponthedomainoftherequested
sessionfromdiferenttrafﬁcdomainssuchascockpit,cabin
andpassengers.Inthissimulation,arandomnumberof
applicationrequestswithdiferentrequirementsisgenerated
andthedataraterequirementsareuniformlydistributedwith
theminimumandmaximumvaluesof1.5kbpsand256kbps,
respectively,whilethedatalinkselectionisperformedforeach
request.Thesessionarivalratereferstothenumberofnew
applicationsrequestedperunittime.Foreacharivalrate,the
simulationisrunfor100timesandtheaverageoftheresults
generatedfromeachsimulationistakenastheﬁnalresultfor
thesimulation.Itisworthmentioningthatthealgorithmalso
providestheﬂexibilitytotheoperatortotunethebaseweight,
inTableIItosetprioritydependingupontheﬂightclass
inselectingthedatalink.
Auniﬁedscenarioconsideringacombinationofpossible
applicationrequirements,userandoperatorpreferencesshown
inTableIVisconsideredtohelpexplaintheproposedlink
selectionalgorithmforitsperformanceevaluation.Onthe
datalinkside,threetypesofdatalinks,i.e.,VDL2,Iridiumand
BGANandsixatributeshavebeenconsideredasilustratedin
TABLEI.OneVDL2,oneIridiumandtwoBGANdatalinks
(explainedinSectionI.Aanddenotedby BGAN1and
BGAN2)areused.Twodiferentapplications(RTandNRT)
withdiferentdataraterequirementsareassumed.Tensession
requestswithacombinationofdiferentuserpreferences,
suchasmoneyﬁrstandqualityﬁrst,andsafetyornon-safety
servicesareconsidered,asshowninTABLEIV.Basedonthe
abovestudiesinSectionIV.Cforselectingtheoptimaldatalink,
theenhancedMax-Minmethodisusedfornormalization.The
variancebasedmethodisusedforobjectiveweightingwhile
thei-TRUSTmethodisusedforsubjectiveweighting.Inthe
baselinealgorithm,thepredeﬁnedlinklistdeﬁnedinSection
II.Ahasbeenusedtoselectthetargetdatalinkforagiven
requestwithoutconsideringanypreferences.Thevaluesof
atributesforeachdatalinkdeﬁnedinTABLEIareused
fornumericalanalysis.Thereceiversensitivityof-98dBm
(VDL2),-125dBm(BGAN),-115dBm(Iridium-voice)
and-112dBm(Iridium-data)areconsideredaccordingto
thecorespondingspeciﬁcations[20]–[22].
B.ResultsandDiscussion
Firstly,theproposedi-TRUST methodforcomputing
subjectiveweightshasbeenvalidatedandcomparedwiththe
existingTRUSTmethodusing Matlabsimulation.Sincethe
eigenvector method[23]iscommonlyusedforcomputing
subjectiveweightsbecauseofitsaccuracy,butaslowprocess
duetoitsuseofpairwisecomparisons,theideahereisto
ﬁndwhichmethodproducestheweightvaluesclosesttothose
computedbytheeigenvectormethod.Thesubjectiveweight
vector, employingtheeigenvector methodisobtained
byusingpair-wisecomparisonplusAHP.Dependingonthe
individualrequest,bothTRUSTandi-TRUSTmethodsuse
TableIIfortriggeringthecorespondingatributesaccording
tothepreferedeventsmarkedbycrosses(x)thatalowtoform
the matrixandevaluatesalproceduresinSectionIV.C.
Thesubjectiveweights canthenbecomputedby(11).In
ordertoseethecomparisonbetweenthesetwomethods,Fig.
5showsthecorelationofthecomputedsubjectiveweighsby
bothTRUSTandi-TRUSTmethodsanditisclearlyevident
thati-TRUSTprovidesmoreaccurateweightsthanTRUST.
Thisisduetothefactthatthei-TRUSThastakentheuser
priorityinconsiderationwhilecomputingtheweights.Forthe
restoftheresultsinthispaper,thei-TRUSTwilbeusedfor
computingthesubjectiveweights.
Thedetailedproceduretoobtaintheoptimaldatalinkusing
theproposedmethodforaltheconsidereduniﬁedscenarios
(TableIV)isdescribedandcompared withthebaseline
algorithm.Thesummaryofaltensessionrequestswiththe
selectedlinkforeachsessionbyemployingboththeoptimal
andbaselinealgorithmsisshowninTableV.Theselected
datalinkforeachrequestbytheproposedoptimalalgorithm
isdiferentfromthatbythebaselinealgorithmandtheseare
thebestselection.
Thedetailedoptimallinkselectionprocessforﬁveselected
sessionrequests(RID#1,4,5,6and10)wilbediscussedand
isilustratedinTABLEVI.Thelinkcharacteristicsshown
inthetablearebasedonTableI,equation(1)andthe
instantaneousreceivedsignalstrengthoftheassociatedlink.
ForRID#1,onlyBGANlinks(BGAN1andBGAN2)are
treatedascandidatelinksduringthepre-linkselectionprocess.
BothVDL2andIridiumwerenotconsideredascandidatelinks
becauseIridiumdoesnotsatisfythedataraterequirementand
VDL2onlyprovidesnon-safetyservices.Sincealatributes
excepttheRSShavethesamevaluesforbothlinks,the
optimalalgorithmgavehigherweightontheRSSatribute,
i.e.,0.50793.Finaly,thealgorithmcomputestheutilityscores
forbothlinksandselectstheBGAN2,whichhasthehighest
utilityscoreandthisisduetothebeterRSSvalueofthe
BGAN2link,i.e.,-82dBmhigherthanthatofBGAN1
(-116dBm).ForRID#4,theuserpreferedthecheapestlink
9TABLEII
RELATIONSHIPBETWEENTRIGGEREVENTSANDSUBJECTIVEWEIGHTSOFATTRIBUTES.
Eventsand Weights Atributes
Level1 Level2 Baseweights, BR PD BER RMF RSS CST
Applications Real-time(RT) 0.25 x xNon-RT 0.20 x
Customerpreferences Lowprice 0.30 x
Operatorpreferences Loadcondition 0.15 x
Dynamicatributes Signalstrength 0.10 x
TABLEIV
UNIFIEDSCENARIOSFOR10SESSIONREQUESTS.
Request
ID(RID)
Dataraterequire-
ments(kbps)
Applications Users Operators
Real-time
(RT) Non-RT
Quality
ﬁrst
Money
ﬁrst
Safety
ﬁrst
1 20
2 15
3 1.5
4 12
5 2
6 64
7 32
8 256
9 128
10 256
Fig.5. Comparisonresults(corelationofweights)betweeneigenvector,TRUSTandi-TRUSTmethods.
TABLEV
OPTIMALLINKSELECTIONBYEMPLOYINGTHEPROPOSEDMADM-BASEDALGORITHM WITHUSINGTHEI-TRUSTSUBJECTIVEWEIGHTING
METHOD.
Request
ID
Application
type
Safety/
Non-safety
Datarate
req.
(kbps)
Quality
impor-
tance
Price
impor-
tance
Optimal Baseline
RSS
(dBm)
Target
link
RSS
(dBm)
Target
link
1 RT Safety 20 9 1 -82 BGAN2 -100 BGAN1
2 RT Non-safety 15 9 1 -94 BGAN1 -98 VDL2
3 RT Safety 1.5 1 9 -80 BGAN2 -80 BGAN2
4 RT Non-safety 12 1 9 -84 VDL2 -123 BGAN1
5 NRT Safety 2 9 1 -89 IRIDI -113 BGAN2
6 NRT Non-safety 64 9 1 -83 BGAN1 -83 BGAN1
7 NRT Safety 32 1 9 -82 BGAN2 -82 BGAN2
8 NRT Non-safety 256 1 9 -93 BGAN1 -93 BGAN1
9 RT Safety 128 9 1 -76 BGAN2 -76 BGAN2
10 NRT Non-safety 256 1 9 - Dropped! - Dropped!
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TABLEVI
DETAILEDOPTIMALLINKSELECTIONPROCESSFORFIVESELECTEDREQUESTS.
Requestrequirements(RID:1): Requestrequirements(RID:5):
Datarate : 20 Datarate : 2.0
Application : Real-Time(RT) Application : Non-Real-Time(NRT)
Safety/Non-safety : Safety Safety/Non-safety : Safety
Qualityimportance : 9 Qualityimportance : 9
Priceimportance : 1 Priceimportance : 1
Linkcharacteristics: Linkcharacteristics:
BR PD BER RMF RSS CST BR PD BER RMF RSS CST
BGAN1 32.0 950.0 10 5 24.73 -100 3.0 IRIDI 2.10 750.0 10 6 0.40 -89 7.0
BGAN2 32.0 95.0 10 5 24.73 -82 3.0 BGAN2 32.0 950.0 10 5 24.73 -113 3.0
Weights: Weights:
BR PD BER RMF RSS CST BR PD BER RMF RSS CST
W= 0.12577 0.12580 0.02510 0.10040 0.50793 0.11500 W= 0.01257 0.01260 0.50730 0.05030 0.35969 0.05760
Utilityscores: 0.246038(BGAN1) 0.753962(BGAN2) Utilityscores: 0.929833(IRIDI) 0.070167(BGAN2)
Optimallink: BGAN2 Optimallink: IRIDI
Requestrequirements(RID:4): Requestrequirements(RID:6):
Datarate : 12 Datarate : 64
Application : Real-Time(RT) Application : Non-Real-Time(NRT)
Safety/Non-safety : Non-safety Safety/Non-safety : Non-safety
Qualityimportance : 1 Qualityimportance : 9
Priceimportance : 9 Priceimportance : 1
Linkcharacteristics: Linkcharacteristics:
BR PD BER RMF RSS CST BR PD BER RMF RSS CST
VDL2 31.5 1200 10 5 19.5 -84 1.0 BGAN1 64 950 10 5 2102 -83 3.0
BGAN1 32.0 950 10 5 30.8 -123 3.0
Weights: Weights:
BR PD BER RMF RSS CST BR PD BER RMF RSS CST
W= 0.086 0.0861 0.0239 0.0675 0.05594 0.6808 W= 0.01257 0.0126 0.5073 0.0503 0.35969 0.0576
Utilityscores: 0.81607(VDL2) 0.18393(BGAN1) Utilityscores: 1.0(BGAN1)
Optimallinks: VDL2 Optimallink: BGAN1
Requestrequirements(RID:10):
Datarate : 256
Application : Non-Real-Time(NRT)
Safety/Non-safety : Non-safety
Qualityimportance : 1
Priceimportance : 9
REQUESTDROPPED!
withoutcaringaboutthelinkquality.Inthiscase,theoptimal
algorithmgavemoreweighttothecost(CST)atributethan
othersandﬁnaly,itselectstheVDL2linkwhichhasthe
highestutilityscore.Twodatalinks(IridiumandBGAN2)
werepre-screenedascandidatelinksfortheﬁfthrequest
(RID#5).TheBERandRMFatributesweregiventhehigher
weightvaluesthanothersduetotherequestrequirements,i.e.,
theNRTapplication,whichmainlyafecttheBERatribute
andtheRMFatributeisfortheoperator’schoiceofinterest
toenhancetheoveralsystemutilization.ForRID#6,the
algorithmfoundonlyonecandidatelinkduringthepre-link
selectionprocess,sothishasbeenselectedastheoptimallink.
Therequestedsession,RID#10hasbeendroppedduetothe
unavailablebandwidthofthelinksinbothcases.
Thecaldroppingprobabilityisdeﬁnedastheprobability
thatcertainsessionrequests(orcalrequests)areblockeddue
tolackofresources(i.e.,iftherearenotavailabledatalinks
forservingthosesessions)andthisisusualycalculatedusing
Erlang-Bformula.Fig.6showsthecaldroppingprobability
withrespecttodiferentarivalrate,λinordertovalidate
thesimulationandtheoreticalresults.Itisseenthatthecal
droppingprobabilityincreasedwithλ
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Fig.6. Caldroppingprobabilityfordiferentarivalrates.
thereisa minorvariationforlowerarivalratesbetween
thesimulatedandtheoreticalresults.Thisisatributedtothe
introductionoftheRMFatributeintheproposedmethod,
whichofersbeterdatalinkutilizationefﬁciency,resultingin
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Fig.7.Ilustratingtheuserpreferenceforimproving(a)theservicecostand
(b)thequalityperformance.
lesscalsbeingdropped.Athigherλ,theimpactoftheRMF
atributebecomeslessandhence,thesimulationresultiscloser
tothetheory.
1)Costandthroughputanalysis:Fig.7(a)showsthecost
performanceoftheproposedalgorithmfromtheuser’spointof
view,i.e.,howtheuserpreferenceafectstheperformance.The
resultsshowtheaveragerelativecostsperunitdatausagefor
diferentarivalrateswhilesetingthehighestandthelowest
costprioritybytheuser.Itisseenthatwhentheusergavethe
highestprioritytothecostparameter(CST),theuserwasable
tosavenoteworthydatausagecosts.Forexample,over36%
ofsavingcanbeachievedbysetingthehighestcostpriority
comparedtothatbysetingthelowestcostpriorityatlower
λ.However,therelativesavingdecreasedwiththeincrease
ofλduetotheloweravailabilityofthecheapestdatalinkat
thehigherλ.Similarly,theuserpreferenceforthequality
atributesshowsthesimilarresultsintermsofanimproved
averagethroughput(upto12%)asshowninFig.7(b),where
theusersprefereitherthehighestorlowestpriorityforthe
qualityatributeswhilethecostprioritywaschosenrandomly.
2)Resourceutilizationanalysis:
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Fig.8ilustratesthe
performanceofresourceutilizationofbothbaselineand
proposedoptimalalgorithms.Intheoptimalalgorithm,the
RMFatributehasbeenconsideredinordertoimprovethe
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Fig.8. Resourceutilizationfordiferentarivalrates.
Fig.9. Cumulativedistributionfunctionofthereceivedsignalstrength.
overalsystemresourceutilization.Theresultsdemonstrate
thattheresourceutilizationincreasedwithλinbothcases
andtheoptimisedalgorithmalwaysperformedbeter. When
thearivalrateislow,animprovementofupto81%in
theutilizationcanbeachievedwiththeproposedalgorithms
comparedtothebaseline.Thisisduetothefactthatthe
RMFatributeplaysaroletoimprovetheresourceutilization
byﬁtingtherequestedbitraterequirementswiththelink
bandwidth.Therewerefastincreaseintheresourceutilization
ofthebaselinecaseasλincreases.Itisimportanttomention
thattheresourceutilizationofthebaselineapproachedtothat
oftheoptimisedonewhenthearivalrateincreased.
3)Userexperience:Todemonstratethecomparativeuser
experiencebyusingtheproposedoptimalalgorithm,the
cumulativedistributionfunction(CDF)ofthereceivedsignal
strengthandtheaveragepacketdelayexperiencedbyeachuser
areshowninFig.9andFig.10,respectively.Therequested
sessionshavebeengeneratedrandomlyandthesamebase
weightasinTABLEIIareusedforcomputingsubjective
weights.ItcanbeseenfromFig.9(theCDFofRSS)
thatthehighernumberofusersexperienceshigherreceived
signalstrengthwiththeoptimisedalgorithmthanthatwith
thebaselinealgorithm.Forexample,the median,i.e.,0.5
onthey-axisforbothalgorithmsshowsthat50%ofthe
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Fig.10. Cumulativedistributionfunctionoftheaveragepacketdelays.
requestedsessionsexperiencesthesignalstrengthof-95dBm
orhigherand-75dBmorhigherwhenemployingthebaseline
andoptimalalgorithms,respectively.Theimprovementis
derivedfromtheinteligentdecision makingprocessof
theoptimisedalgorithmbasedonmultipleatributevalues,
wheretheproposedi-TRUSTsubjectiveweightingmethodin
the MADM-basedschemefurtherensuresthattheselected
datalinkisabletooferthegoodqualitysignalevenifal
otherlinkcharacteristicsarethesame.Ontheotherhand,the
baselinealgorithmonlyconsidersapre-deﬁnedlist.Similarly,
theCDFoftheaveragepacketdelayforthesamesetings
(Fig.10)alsoconﬁrmsthattheoptimisedalgorithmperforms
beterthanthebaselinealgorithm(animprovementof 2%).
VI.CONCLUSION
Inthispaper,anintegratedmodularcommunicationsystem
foranaircraftterminalequippedwithanoptimaldatalink
selectionalgorithmisproposed.Inordertoselectan
optimaldatalinkfromamulti-radioterminal,anMADM-based
datalinkselectionalgorithm withaninteligentsubjective
weighting method(i-TRUST)isproposed.Thealgorithm
providesgreaterﬂexibilitytobothusersandoperatorinterms
ofsetingtheirpreferenceswiththecapacityofautomatic
decision making. Resultsdemonstratethattheproposed
i-TRUSTmethodprovidessubjectiveweightvaluesasclose
astheeigenvectormethod,whichvalidatedtheaccuracyof
computingsubjectiveweightsascomparedtotheexisting
TRUSTmethod.Finaly,thedetailedanalysisoftheproposed
MADM-basedmethodhasbeendiscussednumericalythrough
regoroussimulationanalysis,whichshowstheimprovement
ofthesystemperformanceintermsofcost(over36%),
throughput(upto12%)andresourceutilization(upto81%).
Theuserexperienceofusinghighqualitydatalinkisalso
improved withoutcompromising withthelinkcost.Itis
expectedthattheproposedMADM-basedalgorithmtogether
theproposedi-TRUSTsubjectiveweightingmethodcanbe
employedinotherubiquitousnetworks.
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